In 2009, Médecins Sans Frontières (MSF) started a pilot trial of store-and-forward telemedicine to support field workers. One network was operated in French and one in English; a third, Spanish network was brought into operation in 2012. The three telemedicine pilots were then combined to form a single multilingual tele-expertise system, tailored to support MSF field staff. We conducted a retrospective analysis of all telemedicine cases referred from April 2010 to March 2014. We also carried out a survey of all users in December 2013. A total of 1039 referrals were received from 41 countries, of which 89% were in English, 10% in French, and 1% in Spanish. The cases covered a very wide range of medical and surgical specialties. The median delay in providing the first specialist response to the referrer was 5.3 h (interquartile range 1.8, 16.4). The survey was sent to 294 referrers and 254 specialists. Of these, 224 were considered as active users (41%). Out of the 548 users, 163 (30%) answered the survey. The majority of referrers (79%) reported that the advice received via the system improved their management of the patient. The main concerns raised by referrers and specialists were the lack of support or promotion of system at headquarters' level and the lack of feedback about patient follow-up. Because of the size of the MSF organization, it is clear that there is potential for further organizational adoption.
INTRODUCTION
Médecins Sans Frontières (MSF) is an international, independent, and medical humanitarian organization that responds to emergency situations and provides medical assistance to people in need affected by armed conflict, epidemics, natural disasters, and exclusion from healthcare (1) . A defining characteristic of the organization is its innovation (2) . Over the years, MSF has developed considerable expertise in pioneering new technology for resource-limited settings in different fields, such as medical (e.g., automated TB diagnostic testing (GeneXpert), malaria Rapid Diagnostic Test) or logistical (e.g., inflatable hospitals with operating theaters, oxygen concentrators, vaccination kit). It is not surprising, then, that MSF should take advantage of new information technology to improve the quality of health care for patients in low-resource settings. The work in question began in 2009, when MSF started a pilot trial of two telemedicine systems to support field workers. One was operated in French and one in English; a third, Spanish system was brought into operation in 2012. They were established initially in collaboration with the Swinfen Charitable Trust (3) . In late 2013, the three telemedicine pilots were combined into a single multilingual system, using technology based on the Collegium Telemedicus system (4) . Because of the constraints of MSF operations (e.g., legal, confidentiality, reporting), the multilingual system was established on a secure web server of its own, telemed. msf.org.
The product of this 4-year development period is a teleexpertise system, tailored to support MSF field staff. It is based on a highly secure web messaging system (see Box 1). It aims to facilitate the primary-specialty care interface by allowing a primary care physician to obtain an expert second opinion about a difficult clinical problem within a few hours.
The aim of the present study was:
1. to review telemedicine activity in the first 4 years 2. to assess user satisfaction with the system. 
Workflow
(1) Referrer logs in at https://telemed.msf.org using any web browser. Then submits a clinical case, including attachments if appropriate (e.g., pictures, video clips). (2) Case-coordinator reviews the referral and allocates the case to an appropriate specialist. If there is no answer within 24 h, the case-coordinator re-allocates the case to another specialist. (3) Specialist is notified by email that there is a referral requiring advice, logs in, and answers the case. The specialist can conduct a direct dialog with the referrer if required.
Method of operation
A secure, web-based messaging system. Confidentiality is ensured by removing any identifying patient data. Email is only used for notifications (i.e., that a case has been submitted or an answer received) and for advisory messages (e.g., login reminder). 
Example

MATERIALS AND METHODS
We conducted a retrospective analysis of all cases referred from April 2010 to March 2014. Information relating to the cases was extracted from the database of the tele-expertise system. Ethics permission was not required, because patient consent to access the data had been obtained and the work was a retrospective chart review conducted by the organization's staff in accordance with its research policies.
We also carried out a survey of all users in December 2013. The survey contained 50 questions. These were closed-ended, multiple-choice, and scale type questions, and open-ended questions. The questions were established after literature research combined with qualitative data collection (in-depth interview and participating observation). The survey was tested on three referrers and three specialists, in English and in French. After the pilot testing, the survey was sent to all referrers and specialists registered in the database, regardless of whether or not they were active (i.e., had logged in and sent or answered cases). Versions of the survey were made available in French and English. Web-based software (https: //www.surveymonkey.com/) was used for collecting the data. Data were examined with the usual methods for quantitative analysis, while the results of the open-ended questions were processed in a qualitative way. The present paper reports a preliminary analysis of the survey results.
RESULTS
DEVELOPMENT OF THE NETWORK
Over a 4-year period, the tele-expertise system evolved from separate, single-language telemedicine networks to an integrated, multilingual system. This encompassed: 300 field health workers from all MSF operational centers (French, Dutch, Belgium, Spanish, and Swiss) 250 volunteer specialists from all over the world (Figure 1) . The specialists cover most of the medical and surgical specialties; 90% have direct MSF or field experience 9 case-coordinators, who are volunteers: 1 in each language (English, French, Spanish); 1 within each of the 5 MSF operational centers; 1 for radiological cases 2 software engineers (part-time).
SYSTEM PERFORMANCE
During the 4-year study period, the caseload rose in the first 2 years and subsequently stabilized at about 1-2 cases/day (Figure 2 ). The peak was mainly the result of radiology cases submitted from a single hospital in the Central African Republic, which had no radiological expertise available on-site. Fluctuations were mainly related to specific implementation episodes and to promotion in presentations to the organization's staff.
FIGURE 2 | Submission rate of clinical cases (n = 1067).
A total of 1039 referrals were received from 41 countries (Figure 3) , of which 89% were in English, 10% in French, and 1% in Spanish.
The majority of the case allocations were done by four casecoordinators (93%). The median delay in allocating a new case was 0.5 h (interquartile range, IQR 0.17, 1.9). The median delay in providing the first specialist response to the referrer was 5.3 h (IQR 1.8, 16.4).
Two-thirds of the cases (66%) required a single allocation (also known as a query) to produce a specialist response, while onethird of the cases required more than one allocation. The mean number of allocations per case was 1.51 ( Figure 4) . The median number of messages per case was 4 (IQR 3, 6).
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CASE CHARACTERISTICS
The cases covered a very wide range of medical and surgical specialties ( Table 1) . The most common type of referral was for radiology (44%), which reflected the difficulties being experienced at a small number of hospitals in sub-Saharan Africa.
The majority of the cases were submitted by relatively few referrers (see Figure 5 ). For example, 80% of cases were submitted by only 10% of the referrers.
Similarly, the majority of queries were answered by relatively few specialists (see Figure 6 ). For example, 80% of queries were sent to only 16% of all specialists.
SURVEY RESULTS
The survey was sent to 294 referrers and 254 specialists. Of these, 224 were considered as active users (41%). Out of the 548 users, 163 (30%) answered the survey. The survey was completed reasonably promptly by the majority of the respondents: 70% questionnaires were completed within 6 days. Responses from French and English users were analyzed together.
The survey results were generally positive (Tables 2A,B ) demonstrating a high level of user participation, despite the questionnaire being rather long (50 questions).
The main features of the users and their IT habits are shown in Table 3 . Answers to questions related to satisfaction and the benefits of system use are shown in Tables 3 and 4. Although many users skipped this part of the survey, this was mainly because the questions could not be answered unless the respondent had actually used the tele-expertise system.
A summary of the commonly-occurring referrer and specialist comments made in response to the open-ended questions are shown in Tables 5 and 6. The main concerns raised by referrers and specialists were the lack of support or promotion of system at headquarters' level and the lack of feedback about patient follow-up.
DISCUSSION
Médecins Sans Frontières has previously used both store-andforward and real-time telemedicine (5, 6) . Although the real-time telemedicine work was considered successful, the requirement for good quality Internet connections makes real-time telemedicine much more expensive than store-and-forward work. Cost is crucial in the humanitarian context or in places which have very few resources. Indeed, the consequences of wastage that would have little effect on health care in high income countries can have a profound impact in low-resource settings. Store-and-forward telemedicine certainly has disadvantages in comparison with realtime telemedicine -principally, the interaction between the parties is not as immediate -but it also has considerable advantages: it is cheaper and it is easier to organize. Thus in a low-resource setting, store-and-forward telemedicine is inherently more likely to be sustainable. The present review shows that the experience of the MSF teleexpertise system is generally positive. At the time of writing, it is in its fifth year of operation, and as is well-known, many telemedicine projects fail to survive beyond their initial set-up phase (7) . Another positive sign is that the referrers who sent cases continued to do so, an objective demonstration of their satisfaction with the system and its value to them.
Comments made by the volunteer specialists suggest that they were highly motivated and frequently expressed frustration about not getting enough cases. It is clear that the positive image of MSF worldwide has been a key factor in recruiting and keeping motivated our specialist volunteers.
The creation of the network, which was set up initially in a few months, is itself a kind of achievement. It reflects the global footprint of MSF, its considerable field expertise, and its multilingualism and multiculturalism: 550 users, 74 countries connected, www.frontiersin.org and tele-expertise available in three languages from specialists with significant field experience. Based on the user survey, it is clear that the tele-expertise system is easy to use and provides clinically useful diagnostic and management advice to clinicians in the field. The majority of referrers (79%) reported that the advice received via the system improved their management of the patient. In contrast, only about half of the specialists (45%) felt that the advice they had given would improve patient management while another half did not know/were not able to answer (unknown). The same phenomenon was reported in a recent survey of the users of the Swinfen telemedicine system (8) . In the present study, the explanation may be that since many specialists had not answered any case, they were not in a position to comment on potential improvement.
Finally, if objective improvement in patent management remains to be demonstrated from the patient point of view, it is clear that there is a precious educational value for the referrers who take full advantage of expert advice and experience to assist them in overcoming their professional isolation.
LIMITATIONS OF THE STUDY
The main limitation of the present study is that it was retrospective, and there was no control system to compare it with. On the other hand, the survey questionnaires were completed by both users and non-users of the system, which reduces the bias inherent in surveys that are only completed by system users.
The response rate to the survey was not as high as would be expected in an online survey of doctors in industrialized countries, 
Number of comments
Lack of headquarters' support in using the system 5
Satisfaction (e.g., "excellent," "congratulations,"
"thank you") 
Lack of feedback about patient follow-up 9
No case received/frustration/disappointment 7
Satisfaction (e.g., "congratulations") 2
Importance of field experience for giving a well-adapted answer 2 where response rates of 50-60% can be achieved. However, in the context of an online survey of telemedicine doctors in lowresource settings, the response rate was reasonable. For comparison, a previous survey of an HIV telemedicine network had a response rate of only 19% (9) . The dangers of a low response rate are non-response bias (if the answers of respondents differ from the potential answers of those who did not respond) and response bias (if respondents tend to give answers that they believe that the questioner wants). Since we are not aware of the opinions of the non-responders, this may represent a potential source of bias in the present work.
LESSONS LEARNED
The two main lessons learned concern the uneven pattern of system usage and the relative lack of referrer feedback:
Uneven pattern of usage
Although there are 550 registered users, only about half of them are active, i.e., have logged in and sent or answered cases. We believe that this is typical of large telemedicine systems of this type, but there appear to be few published reports for comparison. Furthermore, the distribution of activity among the active users was very uneven, e.g., 80% of cases were submitted by only 10% of the referrers, and 80% of queries were sent to only 16% of all specialists. This uneven pattern of usage may lead to the demotivation of specialists who agree to answer cases, but do not subsequently receive referrals. The uneven pattern of referrals may be a consequence of limited communication and promotion of the system by MSF, with little briefing of staff before their deployment to the field; both reflect a lack of political support to embrace telemedicine. In the future, positive attempts must be made to engage all users.
Lack of referrer feedback
Feedback from the referrer about patient follow-up is crucial for quality improvement and is necessary to keep the volunteer specialists informed about cases that they have advised on. The lack of feedback from referrers may also lead some specialists to lose interest in continued participation. Almost all specialists request follow-up after a teleconsultation (52% considered followup desirable and 47% considered it necessary or mandatory), and most referrers acknowledge a willingness to provide it. The reasons for the relative lack of follow-up data are probably not due to an unwillingness to provide it by the referrers. The stated reasons include a lack of time and a feeling that it was unnecessary. In addition, it is the nature of MSF operations in conflict zones and other resource-limited settings that patients are often seen in hospital, treated, and then disappear, not being available for subsequent follow-up to take place. Despite these practical difficulties, we have recently established a system by which follow-up requests are sent to the referrer automatically by email after a predetermined interval. This may improve the feedback in future.
CONCLUSION
After 4 years of development, MSF has put into place a multilingual tele-expertise system to support workers in the field. User surveys confirm that the system provides helpful advice, which has a positive effect on patient outcomes. It is reliable and efficient.
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It improves patient management, has educational value for those involved, and reduces isolation for the referrers. Because of the size of the MSF organization, it is clear that there is potential for further organizational adoption. This will depend on political support from within the organization itself.
